Since the early work of Blumgart, Yens and Weiss (1 to 4) many methods have been recommended for measuring the circulation time in various segments of the circulation. In general, these methods have consisted of injecting a substance into an antecubital vein and noting its arrival either at the lung, as with the ether (5) and paraldehyde (6) tests, or at some point along the systemic circulation such as the tongue, brain or carotid body. The fact that the arm to right heart circulation time varies so widely (2, 4) even in the normal individual constitutes a disadvantage to any test which involves the injection of a substance into the antecubital veins. Moreover, subtraction of the arm to lung time (ether, paraldehyde methods) from arm to tongue or carotid body time can give only an indirect value for the measure of the pulmonary to systemic capillary time. Another disadvantage common to many of the methods described in the literature is that the end-point is either subjective or at best not very sharp. Furthermore the end-points with some of the methods are quite unpleasant and at times alarming to the patient. The CO2 inhalation method described by Bornstein (7) In the course of employing the Millikan (9) oximeter to study the degree of arterial unsaturation during breath holding, the idea presented it- ' Captain, M.C., A.U.S. 2Captain, M.C., A.U.S.
self that a single deep inspiration of 100 per cent nitrogen might cause a sharp drop in arterial oxygen saturation and thus serve as a measure of lung to ear circulation time. Preliminary experiments justified this assumption.
The method presented in this paper measures the circulation time from the pulmonary to systemic capillaries (lung to ear) directly, by measuring the time elapsed between a single deep inspiration of 100 per cent nitrogen and the arrival at the ear of unsaturated arterial blood. The latter is noted by use of the oximeter which gives an objective end-point independent of the interpretation of the observer or subject. It was hoped that this method would afford a truer measure of the pulmonary to systemic capillary circulation segment which is the one most frequently involved in cardiovascular disease.
EXPERIMENTAL
Subjects: Thirty-five subjects varying in age from 21 to 54, 10 of which were female, were used to obtain the normal range of values. The subjects were at rest but not under basal conditions during the observations. Three to 10 observations were made on each subject and the results averaged to obtain the circulation time. Three to 5 minutes elapsed between each trial.
Instruments: A 9 liter spirometer from a basal metabolism machine served as the reservoir of nitrogen. This was connected by 13/16" rubber tubing to a large caliber (13/16") three-way valve. The valve was fitted with a rubber mouth-piece on another arm and the third arm was in communication with room air.
The Millikan oximeter is an instrument which measures continuously the oxygen saturation of arterial blood by means of bichromatic photoelectric colorimetry of the intact fully flushed ear (9) .
Procedure: Subjects were in a supine position during the period of observation. The ear unit of the oximeter was placed on the ear and the galvanometer adjusted (9) . One observer manipulated the three-way valve and an-: other watched the bell of the spirometer and the galvanometer. A nose clip was placed on the subject and he was requested to breathe room air as naturally as possible through the three-way valve. As soon as the gal-vanometer had stabilized (approximately 3.0 seconds), the subject was instructed to exhale forcibly after a normal inspiration. With the least possible delay after completion of the forced expiration, the valve was turned connecting the subject to the nitrogen reservoir and he was instructed to inhale as quickly and as deeply as he could. At the end of the forced inspiration, the valve was again turned to room air and the subject asked to resume normal respiration. Two or three practice trials generally sufficed to obtain the cooperation of the subject. One observer registered, by means of a stopwatch, the beginning of inspiration as signalled by descent of the spirometer and the start of the fall in galvanometer reading. The interval between the beginning of inspiration and the beginning of the downward deflection of the galvanometer was considered to be the circulation time. The full galvanometer deflection was noted and the test repeated when the beam had returned to its original position.
In carrying out this technique, it is important that the subject inhale quickly after maximum expiration, since prolongation of the expiratory pause will cause sufficient arterial desaturation to deflect the galvanometer and give an abnormally rapid-circulation time. It is also important that the subject be requested to inspire as rapidly as possible in order to decrease the duration of inspiration to a minimum.
RESULTS
A deep breath of 100 per cent nitrogen was found to be innocuous in normal individuals and the subjects were not aware of the fact that they were breathing 100 per cent nitrogen. Most of the subjects noted a slight diminution in light perception and/or dizziness coming on several seconds after the inhalation of nitrogen and lasting for a few seconds. Electrocardiographic tracings were recorded on some of the subjects. There was a slight increase in rate during the forced expiration and a slowing immediately after the deep in- 104 100 * Each figure in these 9olumns represents an average of 3 to 10 observations. spiration which lasted for about 10 seconds. These changes were missed when the pulse was recorded manually and only a slight increase in rate was noted during the first minute after the deep inspiration of nitrogen.
The results are presented in Table I (Figure 1) . The values for the circulation time were reproducible within a very small range in any one individual. The measurements obtained by repeated trials (3 to 10) did not differ from each other by more than 0.1 second in the most consistent individual, and by not more than 1.8 in the most variable individual. As can be seen from Table I , there was considerable variation in the average volume of nitrogen inspired by the 35 subjects, but this did not influence the sharpness of the end point or the circulation time. The average volume of nitrogen inspired per trial by 34 subjects was 3560 ml. and the average. galvanometer deflection was 12.5 mm. for the 35 subjects.
DISCUSSION
It has been shown that in normal subjects, a single inspiration of nitrogen will cause a fall in arterial blood oxygen saturation which can be re--corded by the oximeter. This fact has been utilized in determining the circulation time from lung to ear. In 35 subjects without heart disease the range of values was found to be 4.1 to 7.0 seconds. These values are probably higher than the true pulmonary to systemic capillary circulation time since the measurement actually includes the time of inspiration, diffusion time of the nitrogen in the residual air, the galvanometer lag and the reaction time of the observer.
Most of the methods described for determining the blood velocity in this segment of the circulation have employed two separate observations, a determination of the arm to lung circulation time by use of paraldehyde (6) or ether (5) and arm to tongue (10 to 14) or carotid body (4) . The pulmonary to systemic capillary circulation time is then calculated by subtracting the former from the latter. Since this segment of the circulation 
